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PREFACE 


This thesis is a report on experiments conducted under 
the supervision of Dr. Roderick K. Clayton, Department of 
Physics, United States Naval Postgraduate School. Two 
independent investigations were conducted, the first being 
a study of endogenous respiration of the organism after 
being subjected to various doses of ultra-violet radiation, 
while the second was an attempt to induce a hereditary 
impairment of respiration in growing cells, pursuant to the 
recently published Warburg hypothesis on the origin of 
cancer. 

Because of the nature of the research, this report is 
divided into two parts. 

The author desires to acknowledge gratefully the 
guidance and innumerable helpful suggestions of Dr. Clayton 


who proposed this topic. 
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PART A 
EFFECTS OF ULTRA-VIOLET RADIATION ON 
ENDOGENOUS RESPIRATION IN 


RHODOSPIRILLUM RUBRUM 


CHAPTER I 
INTRODUCTION 


In the study of the effects of ultra-violet radiation 
upon the metabolic behavior of Rhodospirillum rubrum, it 
became desirable to investigate the endogenous respiration 
of the irradiated bacteria, in a manner similar to earlier 
studies of respiration in the presence of a substrate. 

For the purposes of this paper, the following defini- 
tions are used: 

EXOGENOUS RESPIRATION: 02 uptake and CO, evolution 
attending the assimilation of external substrates (simple 
organic compounds) and their partial conversion to stored 


sources of carbon. 


BNDOGENOUS RESPIRATION: Any net O5 intake and CO. 


evolution not involving external substrate; principally the 

depradation and partial resynthesis of stored carbon sources. 
Inasmuch as cells freshly transferred from a nutrient 

medium to one containing no substrate may contain much 


lafter Thesis, Hippeli, USN PS, '55 





_ °. “foe — 


intermediate material (simple carbon compounds), endogenous 
respiration was investigated in two types of culture: cells 
freshly removed from substrate, and cells starved for two 
days prior to testing. 

Respiration in kh. rubrum essentially involves the 
production of cell material from source material. Hydro- 
gen, from any suitable hydrogen donor, is caused to combine 
with oxygen through the tricarboxylic cycle and through the 
cytochrome-cytochrome oxidase system. This process pro- 
duces the energy required for the production of cell material 
from any assimilable carbon source. Catalytic enzymes that 


are present are almost always the rate-limiting factor if 


oxygen is present in excess. 
2 


A schematic diagram* of metabolic activities ina cell 


may prove useful: 
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Fig. 1 - Diagram of Metabolic Activities of a 
Cell 





If the external substrate is absent, the rate of 
respiration will depend upon the type and amount of simple 
organic compounds present in the pool of metabolic inter- 
mediates, as well as the nature and auantity of catalytic 
enzymes present. In the case of the starved cells, it is 
obvious that the pool of metabolic intermediates will be 
considerably different from th:.t of cells from which the 
substrate has just been removed. 

When exogenous respiration is present, endogenous 
respiration may or may not be completely or partially sup- 
pressed; i.e., in measuring respiration of cells ina 
nutrient medium, consideration must be given to the possi- 
bility thut exogenous and endogenous respiration are both 
going on at the same time. 

Using Rh. rubrum as the organism and sodium succinate 
as the substrate, Clayton determined that there was almost 
complete suppression of the endogenous respiration when the 
exorenous respiration was going on at a rapid rate, whereas 
when exogenous respiration was proceeding slowly, the 
endogenous respiration was suppressed slightly, if at 
sgh [3] - His tests also showed that if Rh. rubrum cells 
were subjected to increasing doses of ultra-violet radiation, 


the rate of respiration decreased with increasing dosage, 


3Clayton, unpublished. 
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Certain conclusions can be made if it is assumed that 
exogenous or endogenous respiration rates are affected by 
the inactivation of enzymes due to radiation, as expressed 
in the following formula: 

psa or Inv = ~kD 
where D is a measure of the dose, and k is some constant, 
determined by the characteristics of the rate-limiting 
enzyme. 

If there is only one rate-limiting enzyme, a loga- 
rithmic graph of rate vs. dose should be linear. However, 
if there is more than one rate-limiting enzyme, a change 
in slope may be expected. This can be explained as follows: 

Assume that the initial substance is A, and the final 


product D, as expressed below: 
Ey ey, a 
A——> B——> FC ——— > D 


Assume further that E), E> and B3 are enzymes catalyz- 
ing the various steps in the reaction. If there should 


initially be an abundance of enzymes Eo and E., and only a 


3? 
limited auantity of enzyme E,, the latter is initially the 
rate-limiting enzyme. However, should the enzyme Ey have a 
larger cross-section than E, for absorption of the given 
radiation, Ej will be reduced in quantity much faster than 
B,- As long as E> remains in excess, it will be E, that 
determines the respiration rate; when Bo is sufficiently 
reduced in quantity, it will be E5 that is the rate-limiting 


enzyme. A graph of such a behavior would be as follows: 


L, 
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Fig. 2 - Rate vs. Dose (Two Rate-Limiting Enzymes} 
It is possible that there would be two changes in 
Slopes. If E. should initially be in excess of E, and Ep, 


and have a higher cross-section to radiation than either, 


we should expect a graph such as the following: 





pose 
Fig. 3 - Rate vs. Dose (Three Rate-Limiting Enzymes) 


Another possibility is that the rate-limiting enzyme 
is itself being produced through the catalysis of another 


y 





enzyme, which has an appreciable cross-section to radia- 
tion. The reaction ee aa be expressed as follows: 


By E £3 
yee 
a ee i re 


Time after dose is a factor in the latter reaction. 
icially, although E' has been reduced by radiation, the 
enzyme By will appear the same. However, the enzyme E> 
will become less with time, because less of it is being 
produced; this will continue until a new enuilibrium point 
is reached, when £5 will remain constant in quantity. While 
some other enzyme (such as E) might previously have been 
the rate-limiting enzyme, the enzyme E> may be the new rate- 
limiting enzyme, due to the large cross-section of enzyme 
BE’, A graph of rate vs. dose in this case would be similar 


wo Figure 2: 






kL DUE TO E, (E)) 


DOSE -~ 
Fig. 4 - Rate vs. Dose (Two Rate-Limiting Enzymes) 


Inasmuch as there is another chemical reaction taking 
Place (Et to Eo), it would be preferable to wait until the 
new equilibrium has been reached before an interpretation 


is attempted. However, if all data are extrapolated to 
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some predetermined time, reproducible results should be 
obtained. Inasmuch as there may be an appreciable time 
before equilibrium can be reached, extrapolation to a pre- 
determined time was adopted in this series of tests. 

Three important considerations should be emphasized: 

1. The above discussion assumes that one reaction 
predominates as the rate-limiting fuctor, this is essen- 
tially true in the case of exogenous respiration. This 
may not be true in the case of endogenous respiration, as 
there may be several simultaneous independent reactions 
taking place, no single one predominating. Further, the 
respiratory response of the starved cells should be dif- 
ferent from the fresh, because of the differences in the 
pool of metabolic intermediates. 

2. When tests are conducted at different times, with 
different subcultures of bacteria, there will be a marked 
variation in behavior due to differences in physiological 
conditions, which are in turn related to external conditions 
outlignaduar: prior to as well as durins the test. This would 
imply that many tests are required before conclusive results 
could be obtained. 

3. In Clayton's investigation of the suppression of 
endogenous respiration by exogenous, he determined that 
this suvpression varied greatly, depending upon the exo- 
genous respiration rate Bile It could therefore be expected 


7 





that endogenous respiration will be present as well as 
exogenous for high radiation doses of Rh. rubrum in the 
presence of substrate. For low radiation doses, the endo- 
genous respiration will be almost completely suppressed. 
From Clayton's data, it can be noted that the effect of 
ultra-violet radiation upon the respiration of the organism 
in the presence of substrate in relatively severe.’ Ears 
interesting to ask at what point the predominant reaction 


would be endogenous even in the presence of the substrate. 


+Clayton, unpublished (see Chart I, page 33, this thesis). 
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CHAPTER II 
INSTRUMENTATION 


The apparatus used was the same as that used by Clayton 
in his investigations. Essential items included a mercury 
source for ultra-violet irradiation and a measuring device 
employing a light source, photronic cell and galvanometer. 
Respiration rates of Rh. rubrum were determined by observ- 
ing the time recuired (after aeration) for the bleaching of 
methylene blue, which had been added to the medium contain- 
ing the organism. Methylene blue is an easily-reducible 
substance, and is colorless in the reduced state. However, 
methylene blue is not reduced in the presence of dissolved 
oxygen. After all of the dissolved oxygen is taken up by a 
respiring organisms, the methylene blue will become con- 
verted to the reduced state. 

A schematic diagram of the measuring device is shown 
on Appendix I, Page 31 of this paper. A beam of light was 
directed through each tube containing respiring Rh. rubrum 
in the presence of 0.0018% methylene blue. The intensity of 
the light beam after it had passed through the medium was 
observed and recorded by means of the phototronic tube and 
galvanometer. ; 

Rhodospirillum rubrum was grown at about 30° C under 
illumination in florence flasks filled to the neck with the 


following medium: Powdered yeast extract (Difco), 1.0%; 


? 





NajHPO,/KH>PO,, pH 6.8, 0.01 M; (NH, )2S0,, 0.1%; MgCl., 


L? 


0.05%; CaCl, 0.02%; tap water, 10%; distilled water balance. 


23 
Cultures were obtained from small inocula in 3 days, and 
were then resuspended in the following medium: sodium suc- 
Simate, 0.4%; NazHPO, /KH»PO, , pH 6.8, 0.02M; (NH) ) 250), , 
0.1%; MgCl 


O7O5e; Calin, 0.502%, distilled water balance. 


Pes oi 
After 24 hours, the culture was centrifuged, and placed in 
the following medium: 0.05% MgCl. ; 0.02% CaCl; O.01 M 
NasHPO) /KH,PO, , Oak, (NH) )5S0.. 


For unstarved cells, density was measured, and then 
the culture was centrifuged and taken up in the proper 
volume of the same medium for a previously determined 
density. This was kept for one hour under illumination 
before being subjected to radiation. 

The starved cells, suspended in a mineral (carbon-free) 
medium, were kept in the dark for two days in an aerobic 
condition before being centrifuged, brought to the predeter- 


mined density, and tested. 
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CHAPTER III 
PROCEDURE 


Cultures were tested as follows: 2.7 cc of culture 
were ovlaced in each of six calibrated Vycor tubes and sub- 
meeged to irradiatwommoimo Moe 20. 30). 40. and’ 50 MED. 

The term "MeD" (minimum erythemal dose) is defined as lng 
dose which, when administered to the skin of a person of 
average pigmentation, produces a first degree erythema. 

The question of shading is an important one. If there 
is a dense Santon of cells, some cells will receive 
more irradiation than others for any given intensity. For 
this reason no effort was made to obtain absolute values 
of doses, beyond the crude specification of "MED", If there 
is any tendency of the cells to settle (thereby increasing 
the concentration in the lower portion of the vycore tube) 
there will be an effect as of lessened intensity, and the 
data would suggest a higher degree of respiration. 

In each of six pyrex tubes, 0.05 ce of 0.1% methylene 
blue was placed, the irradiated cultures added, and the 
tubes stoppered and shaken for five minutes. They were then 
placed upon a movable rack, such that one culture tube at a 
time could be measured for time required for bleaching, 
through the use of the phototonic cell and galvanometer. 

In some cases, it was noted that the cells had a ten- 
dency to settle. This caused a denser concentration of cells 


ak 


_ 





in that portion of the tube through which bleaching was 
measured. The effect of settling (and conseauent shading 
of the light beam) was to give galvanometer readings that 
were suspect, in some instances. 

After the culture of each tube was bleached, it was 
again shaken for five minutes. oe required for a second 
bleaching was then observed. 

Data received were prepared for analysis in three 
steps: 1) the determination of the start of bleaching; 

2) the extrapolation of bleaching time (which was considered 
to be a function of time after dose) to times t = O, 1000, 
2000, 3000 and 4000 sec after dose; and 3) the plot of data 
as rate of respiration on a logarithmic scale vs dose. Rate 
was defined as the reciprocal of the time required for the 
onset of bleaching of methylene blue. 

In utilizing the photronic cell-galvanometer procedure, 
an arbitrary method for the determination of the start of 
bleaching was required. The system employed gave the degree 
of bleaching for any given time; however, there was no 
infallible method for determining the instant that bleaching 
started. It was therefore decided to state arbitrarily that 
the start of bleaching could be determined as follows: 

1) Plot the degree of bleaching as measured on the galvanome- 
teragainst time, 2) set the galvanometer reading for the 
unbleached culture as the base line, 3) determine the points 


We 


\ 


of intersection that the bleaching curve made with two gal- 
vanometer readings: a) a reading of 14 times that of the 
unbleached, and b) of 24 times that of the unbleached; 

,) draw a straight line through the two points determined 

in 3) above. The intersection that this straight line made 
with the base line was said to be the start of bleaching. 
This procedure is illustrated in Appendix II, "Sample Cal- 
culations". It should be noted that bleaching usually 

began abruptly after a long period of no bleaching; thus 

the above procedure gave reasonable precise results. An 
examination of the bleaching times revealed that in almost 
every case, the time of second bleaching was quite different 
from the first. This indicated that delay after irradiation 
had a significant effect on respiration rate. If this were 
true, then the respiration rate was changing during the 
bleaching time, and the bleaching time was a measure of the 
mean respiration rate (the rate for time midway between end 
of aeration and start of bleach). Assuming the above, all 
data were extrapolated on a linear scale to times t = O, 
1000, 2000 and 4000 sec after end of irradiation. 

Five experiments were conducted for respiration of 
fresh cells, and three for respiration of starved cells. 
Bleaching times were averaged, and data thus obtained were 
converted to respiration rate as follows: 


J. 


KR; ae = 
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where Ro and to are "reference constants" (rate and bleach- 
ing time for non-irradiated cells), and R and t are rate 
and bleaching time for the irradiated cells under consideration. 

For analysis, it was decided to use one value R, for 
all curves. The value Ro was assigned to Clayton's figure 
for the respiration rate of Rh. rubrum in the presence of 
substrate for zero dose. Data were plotted logarithmically 
against dose. 

Curves were plotted as follows: 

CHART I - Rate of Respiration Immediately After Irradia- 
tion: In addition to curves for fresh and starved endogenous 
respirations, a curve for respiration of cells in the pre- 
sence of a substrate was plotted, using Clayton's data. 

CHART II - Fresh Endogenous Cells: Rate of respiration 
was plotted for times t »x O, 1000, 2000, 3000 and 4000 
seconds after irradiation. 

CHART III - Starved Endogenous Cells: Rate of respira- 


tion was plotted for times as in CHART II. 
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CHAPTER IV 
RESULTS 


The curve for the endogenous resniration of unstarved 
cells indicates a behavior similar to that for cells in the 
presence of substrate; this implies that irradiation causes 
an inhibition of resniration rate due to the inactivation of 
enzymes as already discussed. In comparing the data of the 
two curves, it is found that the rate of respiration falls 
off more rapidly for cells in the presence of substrate 
than for the unstarved endogenous cells. 

The curve for the endogenous respiration of starved 
cells is also quite interesting, because it demonstrates 
an entirely different behavior. For small and medium 
radiation doses, there is a pronounced socuaetee Si 
respiration, which reaches a maximum at about 40 MED. 
Further, in the curve for t » O, the endogenous respiration 
rates after doses of 40 and 50 MED are the same for starved 


and fresh cells. 
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No conclusions can be made concerning the difference 
in respiration between the unstarved cells respiring endo- 
genously and the cells respiring in the presence of substrate, 
because of the possibility that other factors might have 
caused essential physiological differences between cultures. 
However, it is noted that the two respirations are dependent 
upon different reactions. In Clayton's tests, the pre- 
dominant reaction was the oxidation of sodium succinate, 
while in the cells respiring endogenously no succinate was 
present. Different enzymes are involved, and it is entirely 
reasonable to expect the slopes of the curves to be different. 
There is no conclusive evidence that the rate of 
respiration of the organism in the presence of substrate 
ever becomes less than that of the unstarved cells respir- 
ing endogenously, although it appears so on CHART I. There 
are many unknown factors that might have affected the 


physiological conditions of the organisms. 
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CHAPTER VI 
RECOMMENDATIONS 


Owing to its simplicity, the technique of utilizing 
methylene blue is useful in making preliminary surveys of 
respiration under various conditions. A more precise 
method of investigation now appears to be indicated. For 
an accurate determination of respiration rate, a mano- 
metric method appears more desirable. 

In addition, it is desirable that tests for all three 
types of respiration be conducted at the same time, using 
cells taken from the same growth culture at the same time, 
and divided into three portions; the first to be kept in 
the presence of substrate during the test, the second to 
be removed from the substrate one hour before irradiation, 
and the third to be removed from the substrate two days 
before irradiation. A direct correlation would then be 


possible. 
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PART B 
PRELIMINARY ATTEMPTS TO INDUCE 
HEREDITARY IMPAIRMENT OF RESPIRATORY GROWTH 
THROUGH ULTRAVIOLET IRRADIATION 


CHAPTER VIT 
INTRODUCTION 


In the experiments previously conducted on the effect 
of ultra-violet radiation upon the metabolic behavior of 
Rh. rubrum, it was found that there was an imoairment of 
the respiratory rate due to radiation. It became desirable 
to investigate the possibility that this characteristic was 
inheritable. If so, an entirely new field of investigation 
would be presented--the investigation of the Warburg Theory 
on the origin of cancer cells. In this discussion, the 
following definitions are used: 

METABOLISM: The sum of all the chemical activities 
of a cell which provide for its growth, maintenance, and 
repair. 

RESPIRATION: The breaking down of carbon compounds 
in the presence of oxygen (by steps), which makes energy 
available to the cell for other processes. The final pro- 
ducts are carbon dioxide and water. 

FERMENTADION: The breaking down of carbon compounds 
in the absence of oxygen, thus providing energy for other 


je) 





processes. The final product is often lactic acid (e.f., 
in fermentation in muscle cells). 

Cancer is a condition in which certain cells become 
overactive in growth and cell division, increasing at the 
expense of surrounding cells. Apparently there is a multi- 
plicity of causes for the origin of the cancer cell, such 
as radiation, chronic irritation, or the presence of cer- 
tain chemicals or of unusual parasites of the virus tynpe 
within the cell, as well as possibly other factors. In 
addition, there is apparently a long latent period before 
the presence of cancer cells may be detected. This latent 
period bears a direct relation to the life-form having the 
cancer--for the human it 1s measured in decades, whereas 
for lower life forms it is much less. 

In experimenting with the ascites cancer cells of the 
mouse, Warburg discovered that in the cancer cell, respira- 
tion was only about .l times that of the normal, whereas 
fermentation was approximately 100 times that of the normal 
fs]. He Pegoenined that the characteristic of high fer- 
mentation and low respiration was related in some way with 
a relative lack of control over cell division and growth 
rate. He felt that the causes of damaged respiration and 
high fermentation could be determined, the origin of can- 
cer cells could be understood le |. 

Warburg suggested that if normal cells are subjected 
to influences inducing cancer, respiration would be impaired. 
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Migs was an irreversible process, i.e., respiravion in the 
cells would never return to normal. Fermentation would 
not be affected directly by such influences ls | : 

He supported his hypothesis by attributing this respira- 
tion impairment to the damage of "grana"--structures within 
the cell which resemble autonomous organisms as far as the 
transmission of hereditary factors is concerned. In short, 
destruction of respiration is caused by the elimination of 
respiring grana [e | : 

Warburg emphasized that the important consideration of 
respiration and fermentation activities is that they are 
energy-producing reactions, synthesizing the energy-rich 
adenosine triphosphate (ATP), through which the energy of 
respiration and fermentation is made available to living 
organisms. However, the utilizable energy of respiration 
and fermentation are quite different; the fermentation of 
one mole of glucose to lactic acid yields one mole of ATP, 
whereas seven moles of ATP can be formed when one mole of 
glucose is consumed in respiration. Warburg pointed out 
that the storage of energy through respiration involves 
more structure than its storage through fermentation, 
because respiration takes place primarily in the structure 
of the grana Ce | : 

Although respiration takes place in the grana, the 
fermentation enzymes are found for a greater part in the 
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fluid protoplasm. Thus fermentation activity remains rela- 
tively unaffected by those influences which are destructive 
to respiration je | - 

Whether a cell can survive with its respiration impaired 
depends upon its rate of fermentation. If it is assumed that 
the auantity of fermentation enzymes may vary widely among 
cells, it follows that the fermentation rate will not be 
the same for all cells. The more weakly fermenting cells 
will perish, but the more strongly fermenting cells will 
survive. Out of the impaired cells only a very few may 
have a sufficiently high fermentation rate for survival; 
these will be able to compete successfully with neighbor- 
ing unimpaired cells [a]. 

The reason for the differences in latent periods is 
thus explained. The average normal fermentation rate of a 
cell is dependent upon the form of animal life--it is 
greatest in the more primitive forms, while in man, it is 
least [a | ; 

The latent period is the time of the long struggle for 
existence by the injured cells. Inasmuch as there rowa 
higher average fermentation rate in the lower animals, this 
period is relatively short. In man, the latent period is 
measured in decades [a | ; 

An important phenomenon is that this characteristic 
of respiration impairment is inherited by succeeding genera- 
tions. This implies that genes are present in the grana as 
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well as in the cell nucleus. If the grana are destroyed, 
the genes are also destroyed ls | A 

At the end of the latent period, after the struggle 
for survival has been resolved, there will be two types of 
cells in the body, the normal and the surviving descen- 
dants of the impaired cell--the differences between the two 
are their relative rates of fermentation and respiration [a |. 

There is, however, another phenomenon associated with 
the cancer cell. It is not subjected to the growth restric- 
tions as are the normal cells. Normal cells, when dif- 
ferentiated, lose their ability to divide. This is true 
for the higher forms of cells. But cancerous cells do not 
lose this power to divide. In this way they are like primi- 
tive cells. Thus there appears to be a connection between 
respiration and the restrictions imposed unon growth. In 
addition, there is strong evidence that there is a link 
between respiration and cell structure. The more primitive 
cell, such as yeast, cannot maintain its structure per- 
manently by fermentation alone--it degenerates into bizarre 
forms [s | , 

Warburg said that restrictions upon growth rate and 
cell structure were directly related, and this is the central 
point of the Warburg Theory: that the many "causes" of can- 
cer act by neenicine anheritable impairment of resniration. 
The surviving cells have a higher fermentation rate; these 
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differentiated cells of the ancestor will 


degenerate into undifferentiated cells of the descendant--_ 
cells that have thrown off the restrictions imposed upon 
their ancestors and grow wildly. 


These are the cancer cells. 








CHAPTER VIII 
DISCUSSION AND PROCEDURE 


It was decided to determine whether there was any 
noticeable change in the metabolic rate of the descendants 
of Rh. rubrum cultures subjected to different degrees of 
ultra-violet radiation. 

Rh. rubrum in the dark carries out a respiratory 
metabolism, whereas in the presence of a strong light 
fermentation takes place through a photosynthetic vrocess. 

If the impairment of respiratory rate by ultra-violet 
irradiation could be inherited, it should be made evident 
by subjecting the progeny to conditions favoring either 
respiration or fermentation. There should be a marked 
difference noted in rate of growth. 

A mature culture of Rh. rubrum was prepared in a yeast 
extract medium, as described in another part of this paper. 
Two tests were conducted. 

In the first experiment, ane drop of mature culture 
was added to each of six sterile Vycor tubes 3/4 full with 
the yeast extract medium. These tubes were exposed to 
ultra-violet radiation for varying times of O, 5, 10, 20, 
40 and 80 minutes. The tubes were then kept in an illumi- 
nated condition and permitted to develop. 

After the cultures developed, their ability to grow 
under different conditions was checked as ‘follows: 
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CHAPTER IX 
RESULTS 


Results of the tests were inconclusive. 

All cells in both experiments excepting those exposed 
for eight hours irradiation developed as expected under 
fl lumination. Wiene was an effect noted in the rate of 
growth; those receiving higher doses of irradiation developed 
more slowly. However, this was to be expected, inasmuch as 
those cells receiving the higher irradiation dose would 
require a longer recovery time. The cells subjected to 
eight hours! irradiation did not survive. 

The important part of the tests was that on the progeny 
of the irradiated cells, those developing in the erlenmeyer 
and florence flasks. If any inheritable characteristics 
due to irradiation existed, it should be demonstrated by a 
variation of prowth rate in the flasks. There was none. 

All cells developed at the same rate under both conditions. 
There was one exception; in the first test, the progeny of 
cells receiving five minutes ultra-violet irradiation did 
not exhibit growth under the conditions favoring respira- 
tion. However, in the second test this dose was repeated; 
and the resulting progeny exhibited no difference in rate of 
growth from the others. It was therefore concluded that the 
failure:‘in the earlier test should be disregarded. 

Essential to the success of the tests was that shading 
should be minimized, in order that all cells receiving a 
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given irradiation dose should be damaged to the same degree. 
Otherwise, the tests would be inconclusive, inasmuch as 
undamaged cells would produce progeny at the same rate in 
every tube. Unless the damaged cells could recover suf- 
ficiently to overtake the unharmed cells, their presence 
could not be noted utilizing the procedure outlined above. 
This would be true particularly if the culture is subse- 
quently placed in a darkened aerated medium, inasmuch as 
those cells with normal respiration would be aided in their 


growth. 
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CHAPTER X 
CONCLUSIONS AND RECOMMENDATIONS 


It should be emphasized that only preliminary investi- 
gations were made in attempting to induce inheritable res- 
piratory damage on Rh. rubrum through ultra-violet irradiation. 

It is noted that the cells undergoing eight hours of 
irradiation did not survive. This presents a possibility 
that cells may be damaged but not killed for a lesser dose. 
If this be so, and if Warburg's hypothesis is correct, more 
conclusive results should be forthcoming; especially if 
isolated single cells were irradiated and their progeny 
studied. 

If any marked differences be noted in the rates on 
fermentation and respiration for the progeny of irradiated 
cells, the first step towards the verification of the 
Warburg theory will have been taken. 

The next sten would be to produce cancer cells. This 
indicates the necessity of transferring a grown culture 
into a new yeast medium, repeating this procedure several 
times; and examining the rates of fermentation and respira- 
tion each time, under conditions favoring both types of 
metabolism (e.g., aeration in dim light}. 

If the high-fermenting cells should degenerate ~into 
cancer cells, (i.e., cells of bizarre form) this could be 
detected, and the Warburg Theory verified. 
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SCHEMATIC DRAWING OF APPARATUS 
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